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zMN AT:Ao INI TSSSsM
TOTAL RISK .ASSVSSINGQ COST ESTIMATE (tA CE) -

CHA PTER T

INTRODUCTION

Prior to developing techniques for implementing

Risk Assessment, it is necessary to introduce some

general concepts and definitions which will serve as

the basis for detailed discussion. This chapter/

provides that background and introduces the problem.

T!1E CONCEVI 00 THE TOTAL RISK(
ASSEi.SS1NG CQSAi ETI IATE (TRACE)

it is relatively common knowledge that a serious

Problem in defense development programs is cost over-

runs and schedule slippage. Very few programns are

cc-pleted i:.irhitn initial estimates of cost or within
'- ti-1e neriod 1.nitially projected for the development.

n': n-verruns of 50 or 100 per cent are not uncommon,

"i.,; nan rca.lily b, dtE.ermlned by peri'.,al of newsrx3ipurs

ir ne wz magazlnes o. an almost random basis. These over-

r..,In., i inn to rermtting adverse publicity :and

. -- ;,.:rpc i~,! , .,'nt a suhotantivo pr,)1b)e. -- to

... .... " .. . .,- :,, ' ,- ;.:; t:i f mJ ; to continue

rJ.e10rt. on orC or

3est Available Copy



other projeots of lesser priofity. The net result is

that the Army gets fewer of the systems on which plans

were based, money spent on deleted systems is wasted, and

deferral of other systems generally induces cost growth

in those sy'stems, thus creating a "snowball" ef.fect.

On 12 truly 1974, Mr. Norman Augustine, then

Assistant Secretary of the Army for Research and

Development, in a memorandum to the Director of the

Army Staff (Annex A), directed that henceforth the con-

cept of the TRACE would be used in Army Research and

Development (R&D) Programs. The basic philosophy of the

TRACE is as follows: Inherent in any R&D program is a

factor of risk. Since R&D implies a foray into the

unknown, it cannot be expected that every activity will

occur according to plan. There will be blind alleys,

unforseen complications, and similar mishappenings.

Tt is therefore unrealistic to allocate to a project

only those resources which correspond exactly with the

rroJect plan. Additional funds mpst be programmed as

a -iarg1n agiinst thoce unforseen and unidentifiable

.o : .. .iodicit chrtracterize .- D projects.

u :'A.,C ; concept can be readily displayed in

-rr. .r-:r rorm as siiown in figure 1.

Best Available Copy



~*ii*~DCP THR1"ESHOLD

4eT-RAE (FYD? ENTRY)

TRACE MARGIN '

-AN4 ALLOWANCE FOP
&UNFORSEEN AND UN-

IDZNTTIFLXT3LE, BUT>
t PROBABILISTICALLY-

EXPECT-7i PROBLEMS R.o ASTiJINL COST
/ // ZSTII,ATE (BCE)

7 V INCLUDES ALL IDEIqTIFIABLt
-, COSTS AND IS USED BY THE

/7 /7 PM, FOP DAY TO DAY PROGRAM
/ MANAGSaIENT

FIGURE 1



It should be noted that the Project Manager (i)

continues to use only the planned activities (Baseline

Cost Estimate o, 5CE) as the project target cost, while

the TRCE Margin is held at Department of the Army (DA)

level in the Office of the Deputy Chief of Staff for

Reseqrch, T)evelcpment and Acquisition (DCSRDA) for

release to the PM upon application and justification.

llowever, the TRACE value is used for programming and

budget purposes, and the cost entry in the Five Year

Defense Program (FYDP) is the TiRACE. Thus, the Army has

rewer, but more realistically funded projects in the FYDP.

After T1"'. .. funds are exhausted, should that occur, the

project may be continued through reprogramming,if

desired, but is subject to challenge by higher authority

to include action by the Defense Selected Acquisition

•ieview Council (DSARC), should it appear that the

Decision Coordinating Paper (DC'P) threshold will be

r,.' rea ch er1..

O.WTC COSTS A;; PO3BABILI31IC ENITITIE

"o , the ?C conce pt into a broader perspective,

.' .t,, ;-o Introduce a proba!i-iiltic view. of project

C"::t: 2 vi,.!; uses tihe notion that projcct coots

'" 1]',,' " , )bii y djl 2 rlbtr bu .Lion .;uc.). a.; .71[ure 2.

Best Available Copy



PROBABILITY DISTRIBUTION OF PROJECT COST

Prbbility

;,200 :e4OO $6o0 e80 0 $;0ooo
0OST (in millions)

?igure 2

Thc probability distribution is interpreted by deter-

ninr the area under the curve for any cost rangc of

Interest.. ?or example, the probability that the project

will cost less than a given amount is the area under

vhe -,ive between 7ero and the given amount. Figure 3

11.1strates this for 400 millicn,.

>X:, '!L Po r T.--r,,ES TIAN OR .QUA T, TO ;,4oor,

K.,1 -().
"'. Ava(InlableCopy

3est Available Copy



Since the shaded area in Cigure 3 is 0.35, it is

determined that the probability of a project cost

less than or equal to $400 million is 0.35. By

convention, ,400 million is called the 35th per-

centile of the distribution.

Similarly, the probability that a project .wlj. incur

a cost greater than a given amount is found from the

areoa under the curve to the right of the given amount.

.igure 4 illustrates this for , o00 million.

1/<A' PL[ ?OR COST GREATEiR [HAN OR EQUAL TO :600m

t.oability

't'.) r)O $ 0 ;?1000
COS'? (in mi.llions)

" igure 4

. 7r. ini.t, , of cot e qual to or greater than

"i. nn 1: 0.25.

"l,:, iv,, '" '*,. ..- 5 -i.lustrte,', d.ot ,-rmnin.at ior of

Best Available Copy
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ta s 3~ i ca I Ily , -, ta Lc~d t. L t t r e n: jolild.

cd ce voo 1. a ; Lo rcpr.oscnt themalir or 0;i

cncr couL n.J I of' ch o; L r olwaiIi Ly dd:;r'i io of

11 US~j tL riur u-lu tc; t,~ Con)

T- I03I 'LK~C VIi'?4, Ci,2

C 0 T j 1in micons)

'mu: ~e'-~i: ~50 ,crcan. onance triat tI ,- roj-(!'-

willa t oai lT:: t~ir ~ 0cl (un.Wrrun) -nd il~owi- s a

50 -per cant chz-nc.1 tout.ia it vwill cu.'A more- (ovc;rrun) K;-r.

Ax-,stirc- dii3 -notl nrovidlo a rationale for ;electl.ng- thec

12'Jaf Is th TACut a roaL;onul-te rational.(. may b e

J (Iu e d as followts: Tli(o ba-ic goul of te ~A sto

rdiri 1 the rrequ)ircrren!, to cancel or dofer on-,,oing, or

plirned projects in ororjor to fuind o.vGrr -i. in, other

pro joct:3 . y cihoo: i rig thje 'jFA at. the ei an cos-t



for each.', projc, We a eoive a s.oLution whore il the

i-run, lihout half t projecto will overrun, while

half will underrun. Overall, the money 'roleasca' by

the undcrruns soulC cover the cost uP the overrunr-.,

and the nececssty to distu.Lb the programm] tunaDs

snoull be avoided.

if viewed.. in 'L t'e.,.hort run, thi rationale has

some defects. most significant is that in any given

year, one may find t rat the overruns are all in the

lorger projects, while the underruns are in t-e smaller

projects, resulting in a net shortage of funds. Obviously,

the revers could just as easily occur, with- a resultant

excess of funds on hand. if the state of the art of

cc .. '.,._ti-,.atiof -rmL - ,ed, one, could actuR ly qdju!t

the TRAPS percentiles (i.e., make the T}HACL, nereent lies

different from the median) on a project by project

oasis so that there would be a hih probahility of

offsetting underruns and overruns. flo,,cvr, the satMe.

of the art o? cost estimation does not supporl so

ambJitious an ap proach, and implementation of too median

approach provides adequate challonge, as well as offering

signficant, " not ultimate improvement in reducing

rcsouroe programming turbulence.

9



'r'!iA2 D, X]OilTUIT ION,

Unfortunately, in day to Jay use at various offices,

the TR:ACE ha. acquired a large .number of definitions and

intorpretstions. -or purposes of insuring clarity and

understanding in this paper, and as a proposal for an

overall definition to improve communication throughout

the Ar;iy, thie following definition of the "C is

given:

"The total Risk Asscssing Cost L;stimate (TRCE) is

a point estlmate, given in dollars, of tioe cost of a

research and development project. T-ie estimate i::

chosen such th at the probai]ity tiat it will be exceeded

is 0.50. Por control purposes the TiYKCS is normally

(ilvided into two m _rts -- the aseliae C .Untimate (,3C:),

whicmq includes hoth known and antici.pated co:;s, and

tie TOACh b.argpa , vinich is a -provision for tile uknown

and lnidontif]ed cosUs. 'in TOWrC. (and its commonents)

may oad res the overall project cost., or t no co-U for a

"iven MGiscMl Year. T r ot clear from contxt, thi

dis tinction should be made expi ici U by identifioat on,

sc., as ' the ,YMO TRACI' to indicate only one year, or

'te project TOM' to indicate overall project cost."

10
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The tprobiern is hardly nw.Drehsbee~n a' conl-

tinuing: effort at all levels' of' mr;nageMent, boti InI

)mcu nd. in govrernmen-Yt to irnprov. the acculracy anid

roealism of cost etaesovier tee eas ni in fee(t,

cost .lein tcr.qu; have imwroved. tinfeun:a:,toQly,

thie availpdollit;; of resnurces, ( in real teroms ) 119s 00on-

currently decreased, and theic ontions for commit s.i~ent of-

those resouijres, lave become more eqpenoliw. y.1 i hrUi

criticlal ity of having a good east, estmae as out -

paed the -ii- lero)v e;T i n cosFt est ',imT-a t i ng tcch, n i qu es.

?hi~ thecrhallengev 1n to provide a cosn , lhaltgtil

provcenl U hi loest:c! mran. Tha: ean~tr i11 d~scuss,,

the: approaches currom ty ant jpr'avioC)Wi lued arid a

their suiccess or lac> tcrof

A rrvh'er of tech 01 pie3 n Y to i~iosthereliv

O'cos t eat ileesrov aron the ()-7- 1- Irl Use0 of' ti --0hC Sas

a pole)! UOf de narture and(3 then aec m n. iricreoienit. to

cover potena tie.. cst jrowth baial wti st 30. .a at tempt

to develon te TiiA"CE Vargin as arn Isolated entity. Two



be,: si caily d. .. boor ud.

t- ~ori:]_coi 1. . n ' l $tixcI:.'i : no, -

C"oo. Limc,'nnta i o n of this -ec- i'a -C : ' t>, ,, ,- "

by M r. A ua;uc: t in o in his ].2 July 1974 2,:!fot'Ut. It is

commonly referredt a, the "j:" factor pilrotlnh, aiouth

th derisive term "fud.c fNoW" has also be eTn aplied.

There are many voriatiens but. a s:mle cx.JDl j ,l

serve to dmonstrate te technique.

Suppo. the 0 or a new tankl include: theuaj or

cat egorl; automotive, armament, and. firc control. 'rom

a review of post tank developments, the analys dterm;nos

that cost gro'th in tCosa three categorios lia: avcrdlled

30 or con , 0 percent, and 60 per cent, res.cctivel.

The current estimates in the three categories are thien

.ncr,ased by V, orresponding percentages. In practice,

of course, con-iderably more detailed procedures are

used, to include a lo',:or level of detall, use of

:3tatisioal procedures to validate tte. results, and

.. ,' g :'cidu3.'. uonc;idura'U iQ: 5. O thl e procedurie•

to allo' programming by icoai Year;

These oprocei.ures suffer from a number of dcfects.

First, the use of the CE as a starting point iroduces

bias into the procedure right from the sA.rt. Second, the

13



oxiranolation of rPowlqt factor,; frot pus;t dcvcloncn Us

is in i tslf a risky procedure", and third, thie cost

ochedule relaliLonships are not sufficientUy weli defined

to facilitate proper programming.

Currentjjr.ased r.Y.cursiofl5

1 . otbhr grennral "excursion" technique, rather

t.ian extrapolating from past developments, attempts to

use ti e current situation as ti-e basis for estimating

cost growth. Typically, Delphi tecnniques are used to

acc -nplis this task. Toe Delphi technique us.e;s a poll

oF qualified exnert to arrive at a consensus cstimatn.

[ Tiis approac, can work well, but is very difficult to

adinister, an6 its validity is very sensitive to toe

proper stracture of toe poll, tile expertise of the

various exn'ert,s polled, and the procedure used to

reconcile variances among respondents. No ease was

found in the sample of project used for tais raucaren

where Delphi had been properly applied.

TUM E . .'' ' PAHflE TO .CW.:,1 .iMKiT :

The use of Independent Parametric Cost lo.matc:

(iPCE) to improve cost estimates is a well established

hr.
procedure, and is required by regulation' in major

programs. Tnfortunate]v, in most cases, parametric

1 '4



!ProOedlWOS are not. stiffie icent y acouv-2te nor do t '1%';

prov ido aeueooC/cdlei uteC~roalclti Co CQrV as

a bas is for resource programmlyL, eyat SjVC.

cx tredy val uable as a "cross check' and :irerol y

used to validaite that a 9CK is at loast a flcilI

f igure. A wide variance betweeno thae !301 and TL'CK i~s

normally sufficiaent cause to require a re-evalvuation of'

hot: estim:aLes and a reconcil iation of diffe'eices prior

to proceeding. Tnis 1132 of Lhe IMc militates strongly

aSinst1 its use as2 an 3ru toU 0h TIK hol th 10

WTT7 bo uneUt A1 S~oml nay 10 Ie±Velc'p U a I w or

vice i u.CWI the rcquisito d CY5JC of ti, .o U 11427ill

*have boon lost, and it will not be an effectivye "cross

A final argumecnt against using TP07 for toe TRAWt

concerns the decreasing ucefulness of na, ramcotric esti-

-late VIth ti0eC. "?ypieall.y,pra trcsLitesre ot

va I 'all Yn en ta projecot 1W ir it,, US ({AbyO~~ an

to only weoll defined suant iticsc,,ifct the

desired paraQ~ors of tho product. :Oover, an project

dofini tion. proceedn, and dusigo- b0O0;O frerjcnfc

Cur nj ce eniques pr'ovcn,c to., eng ine ening' type eti:Iante's

bcome more accurate and surercede the pararetrI c esti-

rnItnO TdCalily, the technique used Go goenoratc the

19!O Cst5111)d bo viable throughout tihe TWOJjoct life.



1:1 Lohiall ,Project Mauagers have atLLtinjtetl t;

muainitain a ipara,-enicent reserve. *inca mctnnjiaicii r0oPVCS'

er~no M 0201 Soeal 3LVoor:2J -In the-i2 er~s r1 c iiv i.r on ,m rnt

the 11 endavurs t c "pry a do Laci o manaz cment. reserve

in2 Cr) or' To of Lhe poject activities. While this

Tanu ement reserve can be used to fud risk create$i aet-

backs, it. can also he uwed to fund rana~'ement errors and

t.oo Mok. c fl as to cux', wh ilIc the Congress and ti~t ,.L

in137- 0~ wit1 in to fund con L njencie 1 r ~I in,: from tno

2.U(;P5 it r'n*rL rich, tP~oy are quit b unwvilling to udr

write 1)13123 rL .1 nito. : ps.Al tu hW iC& 1O.JC>100 t I roe VC1

not a suiawc 1 ubst i ute for tWn (STAW Marii . iwurther,

sinc "ri ~no reserve;- are coveartly incTulOed in tee-

pre';ra':, tno arc not Wc ad on a well Mine 2) etiv-rtinL2

rroeodurs, Kut are "coat of too marts' Minc ade 0.,,,

th"1. The-ise csimaates are ofen rccurre? to as "medifie

Delphi!" .. inn smuct as Woay reflect the oriion of one

Muxprtthe )VTh current climate with in On Due anCn;

nIt iticula 'l wi tAAn the Arm" iMUdetM=tr V it, WM i-20C

incrzOr:igiy difficult to a rranae for a mtratelipnt rce=-v

at te Pp level. II L aitmears trial, thec 1;C 1ii e ell

served in the future to develop a well supported TIM~

ilargin. It oill be his only source of ecnrency fuinds.
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I.'1or A~n example of a more deta~iled. approach

ree L~etter "'),DA DA!IA-PPM-P, subject: Letter of

Tnstruction (LOI) for Imple2mentation of LiDTE Cost

'.als for Current and Putur Development ?rograLms,

~. orrardOrcLle, _St-atistics in Research, .P:).1.70-174.

3. . anford Colchnologzical Forecasting 'ero.

clof-ztec; .Lyn~hezir., p-p. 20-23.

T: ~ Denart,,nont of tne Army, Army ',Ic,,;ulation 11-18,

,nian~.i 2-?a, p. 2-69

3. ~~ 1 w9 olan) Jr. A Product Iumrovecl ',ethod for

* v~o~~a Pro;rnar 1anagement Off'icec 'stimaed CoSt

OT.C1O~nn.) ?-

Slest Available Copy



sal scqxier 1 I oett or of~ 1 nsu oaton (L1 PC 1 U numbcr

Of techiniqules have been tr IA * Thu technique ust outed in

the DOSSIX'D 101 was qeneral ly found to be unworkainle., as

it v s oo oiraa in natLure anAufrcaao was as

matuemst bully incorrect . It. iolan-d, tori ugh ai cotract,

It Jon 'i. Coclcerlian A Ansoc ioLos, inc ., C evoloped ;a

pracedure whin worhed Nell for -Pro joeL B-oland .Te

conitrLLor anbseque;ntly -.unmi tLc!J an pmoii e ro-

poal to document and jeneraliJze VeprocedurLIIe for tWc

in a broader range of applicteLions . Tils proposal was

accosted and romP ted in 'jec11)ical Uopont. 0S-77-,

entitiedl U,.V Arar9 Iete]tPAses Cost Es tim-.ate

(TWO 55 ldelinen__ . Tis ca.pier cons i sts of a short

descripti on of each of troe two altern-ative tucriniques

pr-oposeod in the, report, along wit-i a dis cuss-,ion of' caca.

TRACE7 Network M'odeiing is named as toe " pro Penned"

methodology in tWe Cockerhitam report. It uses a liante
I

Carlao sirmlatinn of the project actvitias to aGgregate

the overall effect of sub-oestimates derived for caci



gno driscra' e a'!! i vio Liswihcnb vari~i

arranrcdin a notuceb to show the iran

I n 'to-relaI.t, on.sis 1*L , Loslll- n eanult ;:tat uritijl
utan'. of two oo:!lpatiYJ rtay 2 a r'a Clell votrd tic-

ttplanl ls approved, 010 nng siidiL i.$) LlanovOe,

and hainsLrulentottr hs ben oacradand culilbrattl).

ir ea c? ti tn ti toi dev(eloiped of' th;ree,
onantttes--thety arbeAbi disni'uic O

cooLa ss olaLedwvit Lirt art ivi ty ( uIg* , tt ot of

req'i red for ' W e as L lviiy an')I the oba iiii0 VI '

t i fiof the va r 1 l on c r u K nr 111 i. 1,t im '- o t,. C!

Dc ti vi". r-1*'ViA 0oda i a ~e run" a Ijr- nv: nur iber of

t i-ies, wi lt a a LIati:stioa I) y Va lid value, ,:)Ia a

"rad c" Lon aap'onIt prco! 'a', I-. -- Ci-cLi ou Liofl:3

con tv J.it, 14 c a la: rge samrpl e fra ,, t. c ycv (,,,, i r

t)r(IL 1) Ii t' di st i ut. I CO0 e 0," toI~ Lad * 2J. ,nP, 7
.such arn est imate, aind iS- :3 tu t 0 t

di t) itt. o:'di c~55(lin. Ccapter 1. *Since dl rout'

rneacoire'ecnL of' Lhe area under to-e "curve" jo Ci -r 7

hediffianlto th Lb u -onj- F'~D i

nrnvidad * . it, siFtnl' Ie rtr--ulof ;'I r) !V n ttl!It
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the qy-ea to leAO? -0 any po01 nt an be rcad darneat 1<

frnu th e orland a at e c i. or !,'or exmp , o fin'd trio -

'i~~~t.ur F3'\ ~ ii j7tP at, t!oo 0.5,o O t u La

r o tfe IFe, I r of Lenetworkmoe;20.b

Cokea-iu .Associate-s is, thrs ability to s clec cutout

f'or a gi.van J. sca I Yeaqr Ficc q and 1.0 snw hetw

t yes f' utotsfor a rrjv ! are~' ,U 3n ar fo u Ifu

for as I ,ot ir ag i rai, c ro.rraInr1 rI d n acm ions

T ' T -T DI J 3 y"o' 1 OdNn

~'-1rII-tr S~o gs cOoni nof three , surse 'vi14 ens el1

i V~j r (V,),DJzant a-)-!

dir; oe to ct. ivi!ic fere'!- ; -i d 111md rni!a

ail'c se prs n.(s) r ; e~megtoevarious suhes-timat(,:

to wvork, ona ieal du f'jnq Nls, antity . XICeO t:0 etor

moe aoy~t:for man of U t nedrnoc ewen

aciiiete nls can general ly aeneen trate on Us-IC

actiity tsel. T utiher, an osftirratirir error in any one-

activityi w-ill have little effecL, on the overall result,

and (hopefull-y) , anyv sI' stiaf g~uo' ~tciLl I-;
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on the low side will be offset by other estimateu wh&

contain a3 Smn de hm

Tiiou no~tiork -,odcl. integ~rates cost, and scutedau t;

an 'nlicron. feat are o,' it- Lane Li on. 'The Fiscal Year

ott.fuature proi ile valuable orogrumm ins informatiton.

TIjo ODutput format ( nrohAabil ito itcibtio)i

Ox 'mclyuse-falf and rrovj dcc informnati on noL avai lable

from an 0ier teOifr 1 pa-rticular value ire tne
002c-n; Le s timaesp t.e Ot Inaj e'1 anca andm"c

r-aof co:; and scheduln.

'ance mh -odel is develoocd il ..t-tb

mod i. ed and ro-ran to 5 Woruc cat-s later i ofupntinn

Por xaiconce toe.( den i zmus oret' til

actual conts -and nndula for tro %otil piase can 17:

1nwry MaC em int mteole!1, tausr2":'acig AcJ 200 A~ 00'.tn~ nd

Ctflrffninr MeC value of toOCi Miumtt for t"". 1'0xai n6yp

of the project.

The model. owvputE fprn'ide a valuabia fra-nework for

project monitop'< np When tieataleprncr. of ti'w'

real iworl deviat.e SiliIficantlv fronm t:.O2 ir'dicateo

My theimuja tinn, tie R' can invO:O iAt to Ieteninf -

whether the rrabluon is lack of renT 1:na in toe modu) or

a real AeorIJ manag-ement problym. In either can-e, the E'-:

can proced on the basis of hetter information %win ie-

fl r, v J o usr;lv :-aUvJ.



The use of' probability ,distributions rather than

point estimates is a realistic representation of tie

real world. The normal probabilistic variations of real

life are replicated in the model.

The model does not depend directly on the i3Ci as

a point of departure. To the degree that inputs are

developed independently of the BCE, the model results

are free of any bias in. tbe -ICE.

Disadvantages

rhe userulneri of the output provides to the

avera:e user a feeling of1 accuracy and reliability not

rully justified by thc modeling process. The user is

likel]: to forget that he is still dealing with an estimate.

e process of developing and running ti-e model- is

expensive. Tt requires a competent analyst to properly

love.op th m:odel and secure reliable estimates.

he model is basically just. a technique for aggre-

.ai. the a.ctivity estimates. T! does not compensate

for bad..-- t- esti-mating-- oproblen Das simply been

" . .rl<jd do.m" to t.e activit level .n.e r e is not.' ,o _n

1 oe c .Jure to assis't in geting good activity ect-i ates.

Tfr. 4t, The formn of the required estimates (probabil it~v

1. -r ... , ai1 .coul-d lea(d to ina(dver tent eororS.

Best Available Cop.



~n op]Cp~rlrflflb$iL ca nnot zarl yLCO1 0

induced a an ns to follow on activitjes * 'or ase

if tie coc of jcii is dependen it ten. t* e onof

act ivi L , the1 moal All 3. fOflthlOss tOnt LOCW

ati vi ty cmw au independemt. iO ltc ic~,b e

analyQS who deveop . e nm u ode] myw noercopwme oe oK

themo proulerns if the u.Loeof uti depend en Cy, ii..

amenoale to acco'ods 1,5~t on Iv U nO mdelI

Do, AI tii he nri cxI L the mod<1 itL MDl.

re pe=er . a conmdireralesm]flaio of tee real

327li.1 cirT otip ic i ion We UIJOO

Qj m ... & 3211! q inu are2 noL c u.riera t, cod,
o~f r- e 9~fUt cV!~ oI t,)nr'

rotrcaorni1706, or nolac~t~ for Q a interre Lva t J.

of rultn ode] OutpuL may be ;nseaau ad

inaccurato.

T;ere ]., no si~netechnique for perfor!milng sens i-

tivi y analyses -. mxu&a n orn Lie ba--seline inpoub

reqlre a coui.iet rern of tieciuain

O'vernll. F valuativa.-

of all the techniques, currently i-n ustre T'lt,'

Vetwork~ 'lndr.1 inc Techniqve is by far the miost compre-

heos]e, and offers the momt useful, otput, both in

27



terms of 'XiAC:Z application ,fiexibility, and ancillary

useo of output ( such as for projact nY torstUp) . inc

N\etwiork Nodaln- >gWechviique furLtheyr has th-e potecntil

to improve to th dre that network mjodeling and.

methods for developing better esztimiateo of activity

cost and schedules improve. Thus, whera theo Project,

cost justifies the initial high 003n of do veo piIJ the

TOGCP Network Model, and where appropriate analytic

and computer support is available, the Netwrkhdel.

offers the best approach to itACE developrent.

mRA\ HU Q 11 nVO JIAION - DVHSITION

The2 Cockerham report takes note that in somre cases,-

the Network YModeling We ennique may be inappropria te. h

TRACE Risk Tabulation technique is offered as an zapproacri

to be used in sue'i cases. t I tmay be otiaracten-ized as an

expected value simulation of tke project, and like tee

YL'- twerlk approacti offers only an improvedr -means of

ajrcgating a number of sub-estimates,, withi no sugg,_es-tion

as to 'how, th-os7e critical subh-estimates might. be sharuened.

The technique is best explained by reference to trio tabu-

lation (sigure 11, which is thei exampln use(,d in the;

Cockerham report) . Step 1 involves rclucing the prouject

jvto el em'nts suitable for analyrri . Poe rnport suggests

that; a co'mhination of Work breakdown Structure (N s)
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c] I1C Us cr , a nd c vit LaI inS leI ton ie,; a 3,c L U iA d f or ti Q

1?i f-, 'aui on Thin;] . Mhe first IolMn in! flareV .1,

Siows h' naal ;nof ,.tep I for theexmpe role

Coll":nns 2 arnd 'I arc completed lby Lecurin, (yLielpr: 1iij

tccni~is ,CIOOTIC Sy)t".,e ipoint prt-cab! Iity and

con U Inrac oP like]': overrun. toe tba, proj rr cleoment

2 ire,. ':hesoc arc calle d IType A~ 5 .ctes And rnay be Sitor-

n rc ted acs Vol lows: (line 1), "tec i a 0.2 oprobjaldlity

ttlthe a rsor Ciacot i'li ex ,neric~r ce acOst OVOrrTUfl

If the overrunr ci ocs occuir, ticr cost of1 too,, armor will

rot 25Sli hoincreaLse d b'y~.0fl~l~l

Calsue B 5,6 -ovic for itrwocoe c % -

4 ipet s) . For' xamle , on line( 4!, the column 4 entry

of.75 men etif we, doc) cpcLec iUtepci

trin ,h r-er ,i .7-5 p)ro')ah1 ii y t!"a u o c)r pro; rar,

el-ensw'll alo be affoctod , and. if the] j arc, toe

ove.rrun bil uc 4. mllion wihatomnesc.±eaul e

21IT, (Wi.6 ), * ceelu7mrn - (en y represen,-ts e vat;

nroblorIi U'', t :at theic coli wmr 6 5 mpct. willour, need is

rrir bed at ~N~produot ofL tlhe Wy pc: Acrdu <'

probayilit te *( .6 tY;O .735.

Coluns 7and R inicate to date and Fic;ti. Year

of O-msat , to Uilm pwroprer Trrramlnrof TA; rr~i

p ro-)i-ab1)ili t. o f i- :;cct tines3 1 r tlE o f i mlcL t . 1U'



e n i j11 Lo 3

~~O V'PI 2YI5 aftj: tei to tile expeched Value1( of

Imie L c it ad> Jilnn! temt to t1ake, I nh( --ccounti t.-o

fact.thotW' enimm~r~n , ccur, it111Co L1 tnc full

l2--flct 'sal ;e-- 'lot. th Cecxpe Cted -( Value (. 'thUS- if to ' -

vCrq> er stat. ony heevohe 'ie of tiio a

5.i21]kpi at t' K> irlC pId be d q ttc
I:'~ on~r eLo' rov (P, -)s n euitcfor wuxv t,-

rr ctib-t ra, he r t.han .75 1;,ili be ful-l-< fu~nded,1-- ard

t o:;e, with leose poabite wi-ll use an adjusted

expected valuc . For example, line 6, column 10 shlOWS4

:21- million K 0o.2 fj'fQK -- ov- ~! k flfne o

0."", ~ ~ ~ Jll l~-, . L , .r e -4Wvi o a

ezr~loof the,( adjc:e I rcdrewe h robah-J.

ii 2ar- les :z thai .75 . htero ~c OVY 4O~i2lii arc

'ividel 'r 9 ( ad tee- ecc h2d -\r21 t 2 reoptd rls

adjuste d valu Ie j.: Ljuci Lid on the bnt:r 01f it-1iv

Ac for tcUtcr dlijpnLoh sd :u f
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r, n 07 z vw d ino L u a nn o f a dvw t 'c i idc i s

Si 'a : O.Vel' ]l cv' In,i .on-l

inc Lec}.nique is relafively inex 'e vo ad
N

ial-l<r:y ca.y 'o api].

Updit i w 5 readily accomnplishied.

•; ,iivLby analysis i,3 iculae]y inple inoC

t.he cori'iu <Lion of any een L to , ;en con ho

a _dalvticallo "nuteod . Wor examj:.lo, SIppJos"e Wt2 vis;e to

oxavirc Ws, itmp aLctL of cfii!N. : the uro ?bi11ty os , inn tc

for element 1 from o ..4t ' loco i

S.2 million (.0 ti ,, m iad

eoec Ld. loss is $1.6 > million ( .4175 Kme A millio n ).

Di sadv anta-;eS

-"eo iecire =0 the !C': as r a pcrint. of acarLure

and is; subject a t"oWe n"ias of te .

'The technique us.; y-oin I, proba,_il.i ties of ,-ir,

cOOts as su-estimates. This is a gross simplification

of the real world and can lead to .ar.e errors.

'.I, techniquo is highly dependen on the skill of

-



l~ -ica~j ~ ~'t. ietd -lit 1, fly ard a c an! for ruc-ivarious

rd;r' e 1- (1,nc C

The oil put iW a pot rib a: iuan 170bmt i Cin iJlwaiy

rrportceviLoan Ott mean53 , bw wh ilcoh ctCi oL 1U. ye o Iatcedi.

the dc' Irad vol on of Lie I'iACz ( th1e ;iiedian ofLa

-OCu2 C 12 te .0- ieycail qf c-r e g'a f, jp on i Ph the

teshnque s quite sensitive Le e3rrovs in tile sn-

C S LI Ma - C 3

uve'r-Ll1 *valuao'ioo

Sncon'.ranars on oil Li Llic tor .oelr(A~~O .

te I-, k f T -abulat ior. itet I-daprr:w-kXi LIa L!10 d ir -

ar3vanL~e p'-'n " \hr'' Sot the adventa .HweoD

co'-nar' on Le the preyiouz tehnqu , doae,: provide

a wall d e fined, srucjreAoo tecKrtou2 vs in forces a

4s~rcc of di1 soipl inedi analys is Amb t 0 riln FoI iPr

luiat reason it in pr '~'mod to enrlier ctQuuns.

Powever, uv.th vA nor riodiPica;ion, t e TT\C ik'abula-

W on notnod CUfl 1vC 30 I)v ed. A propozal for zuc Nproe-

merL is oru:c.;nbo in tonext chapteDr.
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fnRu ' : ac Dovelopmant and A cqui.t 1 002, Tat WrI Mf in-

atruction (LOl) for iperiatn Of IDT.L Cost illisi

for Current and Vuture Dovcoouont. Yr zgrawvt: LandCL

"arc0 1 19075
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TIwo of Lte~ ma jor disadvantages or thie AINk Tabula-

tS n m~ethod are thec use of' point oat mat~es a.- cutpiut ond

ti-'hnrst ic adjuistmrent of the expected values to get

the finalI unu,. A moduif ied uuuhique is~ proposed KrIMG

M[h Wi t~a3 f'orn'lati on of tlie nrc sli e ( fi_-ure 1?)

thei comfo Ut on of the expcted!c value aoO ad jim mt

therD t o is KeIted. Tn;.;iued, OVCP aLil-C>iut pro-

"'ram (Ane '1~X) is used ILo axiand LnC pl'UgP&Yi element

oat iratcs into tie r natrttial rrobfii Sto dist&i ut on,

'1? LOY is5 !1Y'pI7Vf an Ialrate of the d c1 ~ isri -

loti on cP ovqrall projoWa cost.

32, tie -cnn n- U ky distributin Ois1 onputd in :j.a

i-inn' U are oro-inrat-d and the associaN te rolo;t il t S es
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and ca:t;arc coirn uted . A- an examfple:, )nia of' tio76

p002i I.-]a c~l I~kI Oin twi' (2XU 1 Jle (4 roolt m ( f igujre 12)

is:no imct n eemntsI ,,35,6and2;a type ii impujct

in element 4; and type A\ and A impat,-, cleuc-rjt : 7 aInd

9 . The ro-e.1'il1ti of this cmination WOuld bOe cmu

,VT lob! jr .0006035 r, ass3ocia"te d cos- t. i 2 ., 11 .5I mil.i onl

eonastngof 1.5 fro-i ele1cm a 4 ( type A), .,.6 from
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DEPARTMENT OF THE ARMY
OFFICE OF THE ASSISTANT SECRETARY

WASHINGTON, D.C. 20310[2JL17''- '-"I. 2 JUL 19074

MEMORANDUM FOR THE DIRECTOR OF THE ARMY STAFF

SUBJECT: RDT&E Cost Realism -- Future Development Programs

One of the strongest criticisms leveled against the Department of
Defense in recent years has, I believe, related to the difficulty of
controlling the costs of development activities. The present memo-
randurn addresses development costs; however, the action proposed
could equally apply to the estimation of production "design-to" costs.

It is noted that the problem in the past has not been the need of a
method for fine-tuning cost estimates to, say, the nearest 2 or 3 or
even 10%. Rather, the problem has been one of finding a means of
avoiding gross errors on the order of 50 to 100% and more. We have
rarely, if ever, had an underrun on a major program. However, it
is not our objective to establish program cost estimates so high that
there would be underruns in a large majority of cases. Our estimate
should, be unbiased so that we have about an even chance of either
going over or under it.

It is submitted that cost overruns will continue to be a way of life
until adequate recoenition is given to the impact of program uncertain-
ty in estirmatjiti costs. There are, of course, many types of uncer-
tainties that influence program costs, such as unforeseen program
changes, inflation, inaccurate cost estimating, technical problems,
threat revisions, etc. it is particularly important for the Army to
improve our capability as a "sophisticated buyer" in the analysis,
evaluation and validation of program proposals by industry.

RDT&E cost estimates have traditionally been based on an approach
which compiles expected costs for specifically identified tasks. It is,
of course, important that we continue co refine o-ar ability to identify
those essertial tasks and to prepare plans for their efficient accomplish-
nent. Buy- beyond this, it remains the fundamental nature of RDT&E,

wherein by definition one is producing a particular item for the first
time, to involve the unknown. These unknowns invariably lead to cost
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requirements which cannot be individually foreseen at the outset of

a development -- yet their cumulal:ive impact can be seen in retrospect
with all the assuredness of the lav-s of probability. The record ahows
a major factor in properly estirn-iting RDT&E cost is, therefore, to

assess realistically the probabl. gross extent of the unknowns in a
program in advance -- i. e., the certain uncertainties,

The lessons of history strongly suggest that even the most capable

program manager is not able to forecast all the problems which will be
encountered in a development program vrh,:h typically spans six to ten
years into the future. It is, however, qtice possible to conduct a risk
analysis and thereby forecast, statistically, the probable additional
funds which will be required to overcome these certain uncertainties.
The provision of flexibility in the funding plan for such purposes does
not represent the creation of a "slush fund," or a "reserve" (in the

usual context), but rather merely gives due recognition to the fact that
unanticipated problems always have, and always will, arise even in the
best managed RDT&E programs ... and that our base-line cost esti-
mates should reflect these probable additional costs.

The provision of additional planning funds commensurate with the

assessed risk in proposed programs does, of course, mean that the
effort to justify these new programs will be more dixficult. Similarly,
it will not be possible to start as many new programs if they must all

fit into a given out-year budget piojection. On the other hand, it seems
far preferable to recognize these realitlcs a. the outset rather than part
way through a development at which time cost growth in one program
caii often be compensated only by the inefficient mechanism of cancelling
still other partly completed programs.

It is, therefore, proposed that aTotal Risk Assessing Cost Estimate
(TRACE) be generated for all future development programs and used as
the basis for justifying those programs. The TRACE estimate is defined
as one having a 50:50 chance of producing either an overrun or an under-

run. One possible method of aggregating the TRACE estimate is:

(1) A "risk factor" would be assigned to each element of the
program's work breakdown structure (probably a three-level structure

is adequate for this purpose and should be available early in the program).
A risk factor of 1. 0 would correspond to a routine task with no risk
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whatsoever. A fact;,,r of 1. 3, for example, would characterize an effort
wherein experiencc ndicates that tasks which are not explicitly definable
at the outset will rm st probably exceed those which are, in fact,
definable by an exp,.cted value of about 30%. (The actual magnitude of
the risk factor can enerally be determined by a comparison of the degree
of departure of the proposed task from corresponding tasks which have
been accomplished in the past and by an assessment of the uncertainty
which exists in the performance demanded of the item.)

(2) The risk factor would be multiplied by the basic cost esti-
mate for the known efforts to be performed in each element of the work
breakdown structure. An aggregate of these weighted costs would then
provide a cost estimate for the program which recognizes the certain
uncertainties which invariably arise in a development program.

(3) The TRACE estimate would make use of all supportable
estimating technicues such as Independent Parametric Cost Esti-
mating (IPCE).

(4) The forecast of fund requirements which has been defined
after consideration )f uncertainties in the above manner would
generally (although ,t necessarily always) be included in the latter
year's of the develop., -. nt funding plan. By so doing it is not necessary
to justify the budget , of these funds to Congress in a given year until
the specific reason r needing them has, in fact, become known.
Further, if, '.v the -.v of averages, some of the funds on an individual
program are "ot ul:: ately needed, they can simply be dropped from the
then-year bu. . et rt .juest before it is submitted to Congress.

(5) Tl development activity would continue to be managed on
a day-to-day asis against the nominal cost estimate (i. e., without
risk funding), making the additional funds available to the Project
Manager only vhen formally requested and adequately justified.

(6) All new R&D programs will be discussed with the user and
justified to OSD and to the Congress using the TRACE figure (i. e. , the cost
estimate including the expected impact of risk). Program threshold cost
estimates in tl, DCP would be no less than the TRACE estimate and
generally gre- c r.

. .. ....... ................. ........



This concept is shown schematically in the following sketch:

DCP threshold ) Cost margin before program continuation
is in doubt.

Trace Cost :::::' ) Cost of statisti .ally probable additional
(to be used in FYDP anc effort.
program justification) ......

Nominal Cost " ..... )Cost of clearly identifiable and verifiable
(formerly used in FYDP tasks.
and program justifica-
tion. Still used as basic
target in day-to-day
program management.)

In summary, it should b. emphasized that the approach proposed herein
A .is not one of creating unvcrified contingency funds or slush funds or self-

fulfilling cost estimates. To the contrary, it merely gives recognition to

the established fact that every individual funding demand which will arise
in a 6-10 year development effort simply cannot be explicitly identified
in advance -- but that the aggregate of those demands can be reasonably
predicted and should, therefore, be included in program planning.

It should be noted that the problem being add-6ssed herein is related to,
but intentionally sparated from, -the also very difficult problem of pre-
dicting inflation. This latter task need not be allowed to complicate the
matter considered herein of properly accounting for those factors which
are largely within the control of program management.

Unless you have some objection to the policy and procedures expressed
above, please have them implemented in appropriate Army materiel
acquisition directives.

Norman R. August e
Assistant Secretary of the Army

(Research and Development)
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SECRETARY OF THE ARMY
WASHINGTON

July 12, 1974

MEMORANDUM FOR THE CHIEF OF STAFF

SUBJECT: RDT&E Cost Realism -- Current and Future
Development Programs

Past experience in-theacquisition "f major weap rns systems
indicates that we generally exceed our initial cost estimates .

sometimes by as much as 100% or more. This probleim, of course,
is not unique to the Army. However, to prevent misleading the
decision makers who approve our programs, we must produce more
accurate cost estimates for the development of our major weapons
systems.

The accuracy of our major program cost estimates is
influenced by many factors including inflation, poor estimating,

changing requirements, technical risk. etc. Risk is inherent in any
research and development program and, generally, the greater the
risk, the greater the potential payoff of the program. " Unfortunately,
there also appears to be a direct correlation between the degree of
risk and the difficulty of producing accurate cost estimates.

While we jannot eliminate all technical risk from our pro-
grams nor precisely predict spedific problems that will occur, we
can, from past experience, assess their impact statistically and
consider this in our RDT&E program plans. The problem of
generating RDT&E cost estimates that rr -re accurately reflect
probable outcomes has ur !rgune a review by elements of the
Secretariat and the Army Staff and a revised policy has resulted.
Under this revised policy we would no longer follow the practice
of programming based only upon those tasks which can be clearly
foreseen at the outset of a program and which therefore do not
allow for uncertainty. By applying this Thtal Risk Assessing Cost
Estimate (TRACE) approach, I am convinced that we can provide
more accurate data in support of our programs at the OSD and
Congressional levels. I have asked the ASA(R&D) to provide the
details of the TRACE concept directly to your staff and would be
appreciative of your helping implement this poli uidance.

Howard H. t.,llwiy
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I * 'A~I//'; 'DEPARTMENT OF THE ARMY
,- -OFFICE OF THE CHIEF OF STAFF

'~. "~4 IIWASHINGTON, D.C. 20310

5 August 1974

MEMORANDUM FOR: SECREIARY OF THE ARMY

SUBJECT: RDTE Cost Realism-- Current and Future Development Progrc.,:"1

We have begun the process of implementing the policy of RDTE cost realism

enunciated by you and Assistant Secretary Augustine in your 12 July 1974
memoranda. Your policy will receive high visibility here and in the

field.

For each current development program qualifying for decision by the

ASARC, the Gnief of Research, Development and Acquisition is requesting
a one-page review from the materiel developer. Each review will show
what changes would be needed in a program to provide 10% and 20% margins
of estimatcd funding from FY76 to completion of development. These

- ~reviews will be evalua: ed at 1IQDA by 30 September 1.974 for the purpose

cf making specific pro, am recommendations.

4 For futUre development -ograms, the Chief of Research, Development and
Acquisition, working w:; I the Comptroller of the / (Director of Cost

Analysis), will -ssue ' itter of instruction on L October 1974. This
wil be an internm do. ut to implement your policy, pending revision
of Army regulati 1is.

FRED C. WEYAf'
General, Un' ed States Army
Vice Chief of Staff
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